ABSTRACT. We constructed a plasmid containing a protein transduction domain (PTD) and a human A20 (hA20) gene fragment; the fusion protein was obtained by highly expressing this plasmid in the yeast Pichia pastoris GS115. The plasmid was obtained by adding 9xArg and EcoRІ recognition sites to the end of the primer, and 6xHis-Tag and NotІ recognition sites to its end. After sequencing, the hA20 gene fragment was inserted into plasmid pPIC9k to construct expression vector pPIC9k-PTD-hA20; then, we transfected GS115 with the vector and induced PTD-hA20 protein expression. We purified protein from the yeast fermentation supernatant using a nickel column. Human umbilical vein ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 11 (3): 1899-1908 (2012) C.L. Hou et al. 1900 endothelial cells (HUVECs) were cultured in high glucose medium (30 mM glucose) and in high glucose medium containing different concentrations of protein. Apoptosis of HUVECs was assayed by TUNEL 72 h later. The biological activity tests indicated that the fusion protein not only passed through the cell membrane freely, but also inhibited apoptosis of HUVECs induced by high glucose levels. We conclude that the fusion protein PTD-hA20 has potential for clinical use.
INTRODUCTION
Gene knockout experiments show that A20 is an important protective gene for endothelial cells. It not only inhibits endothelial cell injury and apoptosis caused by a variety of factors (such as trauma, infection, ischemia reperfusion, low-density lipoprotein, etc.), but also prevents monocyte recruitment and adhesion on the endothelial surface of blood vessels, and inhibits intimal hyperplasia induced by smooth muscle cell proliferation and migration, thus suppressing atherosclerosis (Patel et al., 2006; Wang et al., 2007; Lutz et al., 2008; Zeng et al., 2009) . Our preliminary results showed that A20 overexpression not only protects human umbilical vein endothelial cells (HUVECs) from high glucose-induced injury, but also inhibits atherosclerosis in tissue-engineered blood vessels and prevents stent restenosis in blood vessels (Zhu et al., 2009; Zhou et al., 2009; Hou et al., 2011) .
Given the important protective role of A20, it is essential to increase its level in cells effectively. Synthetic protein transduction peptides have increasingly attracted attention with the development of protein transduction technology (Tezgel et al., 2011; Papadopoulou et al., 2011) . The protein transduction domain (PTD) composed of poly-L-arginine nonamer not only spontaneously crosses the cell membrane, but also delivers the target protein mainly to the cytoplasm (Schwarze et al., 1999; Hiroshi et al., 2006) . Our target protein hA20 is a kind of cytoplasmic protein. Therefore, in this study, we designed, synthesized and expressed the fusion protein PTD-hA20 in vitro, which not only enters the cell by spontaneously crossing the cell membrane, but also inhibits high glucose-induced endothelial cell apoptosis.
MATERIAL AND METHODS

Plasmids, strains and reagents
Pichia pastoris GS115 and plasmid pPIC9k were donated by Professor Rao (Department of Microbiology, Third Military Medical University). The plasmid pCAGGSEHA20 and Escherichia coli DH5a were preserved in our laboratory. A plasmid extraction kit, PCR kit and a variety of enzymes were purchased from Takara Corp. (Dalian, Liaoning, China). Anti-His-Tag monoclonal antibody was from Novagen Corp. Horseradish peroxidase (HRP)-labeled goat anti-mouse antibody and rhodamine-labeled goat anti-rabbit IgG (H+L) were purchased from Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd. (China). G418 and POD apoptosis kits were obtained from Sigma.
Construction and identification of the recombinant plasmid
The target gene fragment was obtained by PCR using pCAGGSEHA20 plasmid as the template. Sense primer: 5ꞌ-CCGGAATTCAGAAGACGTAGACGTAGAAGACGTAGAATG GCTGAACAAGTCC-3ꞌ and antisense primer: 5ꞌ-ATAAGAATGCGGCCGCTTAGTGGTG ATGGTGATGGTGGCCATACATCTGCTTG-3ꞌ were synthesized by Shanghai Biotech Co. (China). We constructed the expression vector pPIC9k-PTD-hA20 by inserting the amplified target gene fragment into the vector pPIC9k. The recombinant plasmid was confirmed by digestion and sequencing (Shanghai Biotech Co.).
Plasmid pPIC9k-PTD-hA20 was transformed into GS115
P. pastoris GS115 was cultured and transformed according to Invitrogen protocols. Electricity conversion conditions were as follows: electric rotor was 2 mm, voltage 1.5 V, capacitor 25 mF, resistance 200 Ω, and shock time 4.6 ms. The control group was transfected with empty vector pPIC9k. The suspension was evenly coated on MD plates (each 200-600 mL coating a tablet) after the power switch. The yeast genome was extracted according to manufacturer instructions and was then used as a template for PCR amplification with the same primers and procedures as above.
Screening of high protein expression strains and expression of fusion protein
Each single colony of GS115 was screened by G418. The concentration gradient of G418 consisted of 0.25, 0.5, 0.75, 1.0, 1.5, 1.75, 2.0, 3.0, and 4.0 mg/mL. We selected the high-expression strains when the concentration of G418 reached 4.0 mg/mL.
A single colony of high-expression strains was inoculated into 25 mL medium (MGY), and the culture incubated with shaking at 250-300 rpm and at 28°-30°C. OD 600 was about 2-6 10 h later. GS115 were collected after centrifugation for 5 min at room temperature and resuspended in medium (BMMY) until OD 600 = 1.0. The cells were then grown under the same conditions (250-300 rpm, 28°-30°C); meanwhile, the methanol concentration was adjusted to 0.5% by adding methanol every 24 h, and 0.1 mM ZnCl 2 was also added to BMMY. The level of protein expression was analyzed at 0, 6, 12, 24, 36, 48, 60, 72, 84 , and 96 h.
Identification and purification of the recombinant protein
As hA20 protein is a secreted protein, we extracted the target protein PTD-hA20 from the supernatant. The recombinant protein was identified by Western blotting. The first antibody was anti-His-Tag monoclonal antibody (Sigma) and the second antibody was HRPlabeled goat anti-mouse IgG (H+L) (Boster Corp., Wuhan, China). Six-histidine His-Tags had been added to the 3'-end of the primer to facilitate the identification and purification of the protein. The results were analyzed with a gel imaging system.
To ensure that experimental results would not be marred by nonspecific proteins, the recombinant protein was purified through an Ni-NTA column. Proteins were separated with an eluent containing imidazole at different concentrations. The procedures were conducted under non-denaturing conditions. The concentration of the recombinant protein was determined using the Bradford method.
Isolation and culture of HUVECs
HUVECs were prepared and cultured as previously described (Wang et al., 2007; Hou et al., 2011) . The cells were identified as positive for von Willebrand factor (vWF) expression. The first antibody was rabbit anti-human vWF (Boster Corp.), and the second antibody was rhodamine-labeled fluorescent secondary antibody (Boster Corp.).
Penetrating effect of the recombinant protein
To test the penetrating effect of the recombinant proteins they were added to the medium, and total cytoplasmic protein was extracted and identified at 1, 2, 3, 4, and 5 h. The specific protein was confirmed by Western blotting. The first antibody was anti-His-Tag monoclonal antibody, and the second antibody was HRP goat anti-mouse IgG (H+L) (Boster Corp.).
Detection of biological functions of the recombinant protein
The rate of HUVEC apoptosis induced by high glucose was detected using the TUNEL method. When the cells reached 60-70% confluence, the normal medium was replaced with high glucose medium (30 mM glucose) or high-glucose medium containing different concentrations of recombinant proteins (dilutions of 1:500, 1:400, 1:300, 1:200, and 1:100 of the primary concentration, 80 mg/mL). The apoptosis rate of HUVECs was determined after 72 h. The detailed steps are given in a previous report (Hou et al., 2011) .
Statistical analysis
The experimental data were analyzed by SPSS 18.0, and the results are reported as means ± SEM. Statistical significance of the differences between the two groups was determined by the Student t-test and P < 0.01 was considered to be statistically significant. Each experiment was repeated at least three times.
RESULTS
Identification of recombinant plasmid pPIC9k-PTD-hA20
We obtained the gene fragment (2447 bp) of PTD-hA20 by PCR. The fragment was verified by gel electrophoresis (Figure 1) . We constructed the recombinant plasmid pPIC9K-PTD-hA20, after inserting PTD-hA20 into vector pPIC9k (Figure 2 ). pPIC9k-PTD-hA20 was conversely identified by restriction enzyme digestion, and was confirmed by gel electrophoresis (Figure 3 ). In addition, the sequence of the fragment determined was consistent with that of the template and that reported by GenBank.
Insertion of PTD-hA20 into the yeast genome
After being linearized, pPIC9k-PTD-hA20 was transformed into the yeast GS115.
The extracted yeast genome was used as a template for PCR. The results showed that pPIC9k-PTD-hA20 successfully integrated with the yeast genome (Figure 4) . 
Identification of the recombinant protein
The molecular mass of the recombinant protein was ~92 kDa. Gel electrophoresis showed that a clear band existed between 66.4 and 97.2 kDa ( Figure 5A ). Western blotting further confirmed that the band was the target protein ( Figure 5B ).
Protein purification
Gel electrophoresis showed that the vast majority of nonspecific proteins were removed, indicating that the recombinant protein had been purified (Figure 6 ). 
Penetrating effect of the protein
Western blot analysis of the total cytoplasmic protein showed that recombinant protein could pass through the membrane into the cytoplasm in 1 h, indicating that the PTD had good activity and could successfully transport the target protein into the cell. Immunohistochemical results showed that the protein was mainly localized in the cytoplasm (Figure 7) . 
Detection of apoptosis
It can be seen from the Figure 8 that the recombinant protein protected endothelial cells against injury induced by high-concentration glucose (P < 0.01). In a certain concentration range, the rate of cell apoptosis was negatively correlated with protein concentration: when the ratio (protein/medium) was 1:200, the rate of cell apoptosis reached a minimum value and it means that the protective effect of the A20 protein is the most notable. Then, even if we increase the concentration of protein, there is almost no change in the rate of cell apoptosis.
DISCUSSION
A20 has long been the focus of attention because of its important protective role in endothelial cells. However, the vast majority of previous studies on A20 have mainly focused on the genetic level, such as the transduction of foreign genes into cells or animals by liposomes or virus particles. However, its practical application is limited by many factors, such as poor operability, low transfer efficiency, poor stability, biological toxicity, etc. Therefore, at present, studies on the A20 gene are limited to cells or animals. It is imperative for us to further explore its clinical value. Therefore, we hypothesized that if protein hA20 can be obtained in vitro and can spontaneously cross the cell membrane, its study will be more convenient. As a result, its application will be greatly expanded, and it is likely to be used in clinical practice.
We all know that, under normal physiological conditions, only a few small molecules can pass through eukaryotic cell membranes, while proteins and other biological macromolecules are usually transported by endocytosis or exocytosis. It is very difficult for exogenous peptides and other biological macromolecules to enter cells and treat diseases. However, with the development of protein transduction technology, many genes with beneficial effects have been cloned, expressed, and transported to the human body by various means. Mitchell et al. (2000) and Wender et al. (2000) synthesized a short peptide with nine L-arginines (R9) or nine D-arginines (r9), respectively, with a transduction efficiency 20-100 times that of Tat-PTD. Mitsui et al. (2006) found that the target protein carried by the PTD protein was mainly located in the cytoplasm, where our target protein hA20 was found.
In this study, we amplified the human A20 gene by PCR. We successfully constructed the plasmid pPIC9k-PTD-hA20 and added poly-L-arginine (nonamer) with a high protein transduction efficiency to its 5'-end. We then obtained the reconstructed protein PTD-hA20 through expression in yeast. Not only could the fusion protein cross the membrane to enter cells, but it was mainly located in the cytoplasm. Further functional experiments confirmed that the protein has good biological activity and can significantly inhibit high glucose-induced endothelial cell apoptosis. Our study provides a new method for future research on A20 and offers a novel therapy for diabetic complications.
